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ABSTRACT
Aim: T-Wire and rotating motion of two-shape (2S), M-wire and 
rotating motion of ProTaper Gold (PG) are the recent innova-
tions of Nickle Titanium (NiTi) rotary file system by means of 
thermal treatment. Therefore, a study was planned to assess 
the shaping ability of 2 Shape and ProTaper Gold using cone 
beam computed tomography (CBCT)

Materials and methods: Thirty freshly extracted mandibular 
first molars were selected, and Pre-instrumentation CBCT 
imaging was performed to attain mesial and distal dentin wall 
measurements followed by chemo-mechanical preparation 
using the following NiTi files: 2S and ProTaper Gold. Post 
instrumentation CBCT imaging was performed for evaluation 
of the volume of removed dentin, apical transportation, and 
centering ratio. Statistical analysis was confirmed by a suitable 
analysis test with significance set at 0.05r.

Results: In terms of the total volume of removed dentin, apical 
transportation, and centering ratio there was a significant differ-
ence noted between the tow-shape and ProTaper Gold. 2Shape 
performed better in all aspects compared to ProTaper Gold.

Conclusion: Two-shape (2S) maintained better original canal 
anatomy and volume of removed dentin was also less during 
chemo-mechanical preparation when compared to ProTaper 
Gold. 

Clinical significance: Two-shape (2S) system when used 
clinically in patients may perform better and produce less canal 
transportation and canal preparation will be more centered as 
compared to the ProTaper Gold system. 
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INTRODUCTION

Thorough cleaning and shaping of root canals are the most 
vital procedures for successful endodontic treatment.1 NiTi 
rotary instrumentation has revolutionized the dentistry 
within the past few decades with inevitable success. The 
rotary files are subjected to constant assessment in the form 
of various features such as metallurgy, design features, the 
number of instruments, and the manner in which these 
instruments are driven (rotary/reciprocation).2

In the past decade, many rotary NiTi instrumentation 
systems have been introduced to produce quality in the 
shaping ability procedure. 

The literature cites that survival of root-filled teeth 
is compromised if there is excessive removal of dentin 
and the strength of endodontically treated teeth is 
directly related to the amount of remaining sound tooth 
structure.3,4  

Recently introduced, 2S NiTi rotary file is made of 
NiTi-alloy called T-wire. 2Shape has a sequence with two 
instruments: TS1 (#25, 0.04) and TS2 (#25, 0.06).5

ProTaper Gold (PG) works on rotating motion and is 
made of NiTi-alloy called M-wire which is considered to 
feature a progressively tapered design that claimed to 
improve the cutting efficiency and safety.6

For assessment of shaping ability and canal 
transportation a variety of strategies are accustomed to 
compare pre- and post-instrumentation canal shape. CBCT 
is a latest and noninvasive diagnostic technique with 
compact instrumentality, low-dose radiation and permits 
analysis of detailed images using different settings.7 
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MATERIALS AND METHODS

Thirty mesiobuccal roots of freshly extracted mandibular 
first molar teeth which were indicated for extraction for 
orthodontic or periodontal reasons with fully formed 
apices were collected and stored in saline. All teeth were 
radiographically analyzed to rule out the presence of any 
calcification. Pre-instrumentation CBCT imaging was 
done for mesial and distal wall measurements. Teeth with 
root curvature from 25º to 30º were chosen in the study. 
Schneider’s technique was used for assessment of canal 
curvature and samples were standardized.8 Endodontic 
access cavity was prepared using endo access bur then 
#10 K-file (Dentsply, Maillefer, Switzerland) were used for 
maintaining the patency of root canals. Distal roots were 
sectioned off with the respective crown portion using a 
low-speed diamond underwater at the furcation level 
and discarded. Size #15 K-file was used to determine the 
working length radiographic apex and from this value 1 
mm was subtracted which was then confirmed with the 
use of electronic apex locator.

The teeth were arbitrarily divided into two experimental 
groups (n = 15). 

In group 1 (n = 15), teeth were prepared with 
two-shape, in a sequence TS1 (25/0.04) >TS2 (25/0.06) 
according to the manufacturer’s instructions.

In group 2 (n = 15), ProTaper Gold in the sequence 
S1 > SX > S1 > S2 > F1 > F2 (25/0.08) was used for shaping 
according to manufacturer’s instructions.

The final apical preparation was standardized to size  
25 for all specimens. Instrumentation was done using 
Glyde (Dentsply Maillefer) as a lubricating agent. Irrigation 
protocol followed was, 2 mL of 5% Sodium hypochlorite 
followed by 1 mL of 17% ethylenediaminetetraacetic acid 
(EDTA) was used for 3 minutes followed by 2 mL saline as 
a final irrigant. Each file was used to prepare three canals 
and then they were discarded. Post-instrumentation 
CBCT scanning was done under the same condition as 
the initial scan and data were analyzed.

Cone-beam Computed Tomography Analysis

Pre-instrumentation (Fig. 1A) and post-instrumentation 
(Fig. 1B) measurements of MB canals were calculated. The 
volume of removed dentine was measured in mm3 for 
each root canal by subtracting the un-instrumented canal 
volume from the instrumented canal volume.9 Centering 
ratio and Canal transportation were calculated at three  
levels, i.e., 3, 5, and 7 mm from the apex of the root using 
the following equation:

Degree of canal transportation: Mesiodistally = (m1−
m2)−(d1−d2) 

Canal centering ratio = (m1−m2)/(d1−d2) or (d1−d2)/ 
(m1−m2)

Mesial (m1) represents the shortest distance from 
the mesial perimeter of the root to the perimeter of the 
uninstrumented canal. 

m2 represents the shortest distance from the mesial 
perimeter of the root to the perimeter of the instrumented 
canal. 

Distal (d1) represents the shortest distance from 
the distal perimeter of the root to the perimeter of the 
uninstrumented canal.

d2 represents the shortest distance from the distal 
perimeter of the root to the perimeter of the instrumented 
canal.

Statistical Analysis

A statistical analysis (SPSS 15.0; SPSS Inc., Chicago, IL, USA)  
of the data was performed using independent t-test. The 
statistical significance level was set at p < 0.05. 

RESULTS

Volume of Removed Dentine

The mean and standard deviation values of the volume of 
removed dentin for ProTaper Gold and 2S are shown in 
Graph 1. There was a significant difference noted between 
ProTaper Gold and 2Shape file system. Results showed 
that ProTaper Gold removed dentin more aggressively 
when compared to 2Shape.

Canal Transportation

With respect to canal transportation, 1 mm, 5 mm and 
7mm levels showed statistically significant differences 
between the two groups as seen in Graph 2. At all 
the levels ProTaper Gold showed maximum canal 
transportation when compared to 2 Shape.

Figs 1A and B: (A) Pre-instrumentation cone-beam computed 
tomography image; (B) Post-instrumentation cone-beam computed 
tomography image
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Centering Ratio

In results, significant differences were noted amongst 
two experimental groups when the centering ratio was 
compared as seen in Graph 3. At all the levels: 3 mm, 5 mm,  
7 mm two-shape file system showed more centered canal 
preparation when was compared with ProTaper Gold. 

The mean and standard deviation values of the canal 
transportation and centering ratio at the three studied 
levels (3, 5, and 7 mm) for each tested groups showed the 
significant difference as mentioned in Table 1. 

DISCUSSION

As there is paucity in the literature comparing the shaping 
ability of two recently introduced NiTi rotary instruments 
2S and ProTaper gold, the volume of removed dentin, apical 
transportation, and centering ratio was evaluated for both the 
files recommended for the preparation of curved root canals, 
both of which is activated by continuous rotary movement.

The susceptibility of a biomechanical preparation 
method to maintain the original canal anatomy or to 

straighten the curves is effectively judged by alterations 
in canal shape after instrumentation.10,11

The possibility of canal transportation can be 
decreased by using files systems with advanced 
metallurgy, as reported in various studies. Preserving 
the original canal anatomy with a less invasive 
method decreases the risk of canal transportation and 
lowers the incidence of mishaps like canal curvature 
straightening, the formation of ledges, and irregular 
apical enlargement.12,13

Mandibular first molar mesiobuccal roots were chosen 
as they classically present with remarkable curvatures. 
According to American Association of Endodontists 
(AAE), endodontic case difficulty assessment the angle of 
curvature of 25 to 30° is considered as moderate curvature 
to obtain the results that cover a large scale of cases; hence 
the angle of curvature of 25 to 30° according to Schneider’s 
technique was preferred.14

For assessing the shaping ability of the Niti rotary file 
system cone-beam computed tomography technique was 
used as it provides a three-dimensional (3D) evaluation 
of dentine thickness alterations as well as root canal 
volume pre and posts preparation without damaging 
the specimens which are accurate and reproducible.15-17 
However, μCT produces high-resolution images as 
compared to CBCT. Due to the major disadvantage of high 

Graph 1: Mean±standard deviation of volume of removed 
dentine (mm3) for tested groups and statistical analysis

Graph 2: Degree of canal transportation  
mesio-distally for tested groups

Graph 3: Centering ratio for tested groups

Table 1: The mean and standard deviation values of the canal 
transportation and centering ratio at the three studied levels  
(3, 5, and 7 mm) for each tested groups

Level (mm) Assessment Two-shape ProTaper gold
3 mm Transportation 0.07 ± 0.03 0.11 ± 0.02

Centering Ratio 1.4 ± 0.13 0.63 ± 0.15
5 mm Transportation 0.06 ± 0.03 0.13 ± 0.015

Centering Ratio 1.6 ± 0.15 0.8 ± 0.13
7 mm Transportation 0.05 ± 0.035 0.14 ± 0.02

Centering Ratio 1.67 ± 0.13 0.9 ± 0.15
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radiation levels μCT could not be used in-vivo studies in 
spite of high resolution. Hence CBCT is a better option 
for evaluation in in vivo conditions.18

In the present study, level 3mm represents the apical 
third, 5 mm as middle third, and 7 mm represents 
a coronal third of the root canals, and these are the 
curvatures with high susceptibility to iatrogenic mishaps 
hence were selected for assessment in study.15,19,20

The amount of canal transportation increases with 
apical preparation larger than size 25 hence apical 
preparation was restricted to size 25 file in the present 
study.21

In the current study, concerning the volume of removed 
dentine highly significant difference was observed 
between 2Shape and ProTaper Gold systems. ProTaper 
Gold reported to have comparatively more volume 
of removed dentin which could be attributed to the 
progressively changing helical angle and pitch, variable 
tip diameters SX (0.19/0.04), S1 (0.18/0.02), S2 (0.20/0.04),  
F1 (0.20/0.07), F2 (0.25/0.08) which may have led to 
aggressive cutting hence excessive volume of dentin removal 
and caused canal transportation.22-24 Whereas 2Shape file is 
two instrument system with tip diameters TS1 (0.25/0.04) 
and TS2(0.25/0.06) does not result in aggressive cutting 
hence reported to have no excessive volume of dentin 
removal and canal transportation and produces more 
centered preparation as compared to ProTaper Gold. 

Arslan evaluated the root canal transportation, 
centering ability, and instrumentation times with the 
ProTaper Gold, Reciproc, and ProTaper Universal using 
cone-beam computed tomography. In the results, he 
stated that at 3 mm, 5 mm and 7 mm level there was no 
significant difference seen in the transportation of root 
canal and centering ratio. It was concluded that ProTaper 
Gold showed similar to root canal transportation and 
the centering ratio when compared with the ProTaper 
Universal and Reciproc.24

Amr M Elnaghy, in an in vitro study on shaping the 
ability of ProTaper Gold and ProTaper Universal using 
CBCT, stated that there was no significant difference in 
two groups and had similar shaping ability in root canal 
preparation in mesial roots of molars.6

At 3 mm level, canal transportation for ProTaper 
Gold was reported to be 0.11 ± 0.02 when compared to 
a 2S system which was reported 0.07 ± 0.03, hence there 
is a statistically significant difference noted. This could 
be attributed to the sequence of ProTaper Gold files S1 > 
SX > S1 > S2 > F1 > F2 (25/0.08) used in circumferential 
brushing motion and the cross-section of the files, convex 
triangular cross section of ProTaper Gold file. 2S file 
reported to have less canal transportation which was 
reported as 0.06 ± 0.03 at 5 mm level and 0.05 ± 0.035 at  
7 mm level in comparison with ProTaper Gold which was 

reported to have more transportation as 0.13 ± 0.015 at  
5 mm level and 0.14 ± 0.02 at 7 mm level, as two-shape has 
the latest generation of cross section with triple helix: two 
primary cutting edges and 1 secondary cutting edge aids 
in perfect compromise between cutting efficiency and 
debris removal. Hence it can be concluded that 2 Shape 
is performed better and caused less canal transportation 
than ProTaper Gold.

Abdulrahman Abdullah et al., in an in vitro study 
compared the shaping ability of ProTaper Gold and 
WaveOne Gold system in simulated S- and L-shaped 
canals. Results revealed that there was a highly significant 
difference noted in preparation, it was concluded that 
WaveOne Gold showed better shaping ability with 
fewer canal aberrations and faster canal preparation as 
compared to ProTaper Gold.25

It has been reported that the apical transportation 
>0.3 mm decreases the apical seal quality.27 In this 
study, the results showed that none of the instrumented 
samples reached the above-mentioned critical level of 
transportation on all studied levels.26

Regarding centering ratio, at all the levels, 3 mm, 
5 mm, 7 mm, 2 Shape reported having a significant 
difference as compared to ProTaper Gold. 2S has better 
centering ability when the centering ratio was evaluated, 
results showed 1.4 ± 0.13 at 3 mm level, 1.6±0.15 at 5 mm 
level and 1.67 ± 0.13 at 7 mm level when compared to 
ProTaper Gold which showed less centering ratio value 
at a 3 mm level as 0.63 ± 0.15, 5 mm level as 0.8 ± 0.13 and 
7 mm level as 0.9 ± 0.15 . This could be attributed to the 
metallurgy of 2S NiTi rotary file which works on rotating 
motion and is made of NiTi-alloy called “T-wire” which is 
a method which allows for increased resistance to cyclic 
fatigue (+40%) and a better negotiation of curvatures. The 
two instruments (TS1 and TS2) return to their original 
shape after each use.5 

Additional investigations to the metallurgy and 
mechanical properties of 2Shape and ProTaper Gold 
system are required to gain insight on how the 
proprietary advanced metallurgy processing of these 
systems affect its properties. The limitation of the present 
study could be that it is an in vitro study performed 
on extracted teeth hence canal preparation will not be 
similar to the condition present in vivo, the angulation 
and inclination of the teeth present in the oral cavity 
might produce varying results in root canal preparation, 
hence further evaluations of the clinical performance 
of the tested brands in vivo are needed to give reliable 
recommendations for endodontists.

CONCLUSION

Within the limitations of our study, it was concluded 
that 2S file respected original canal anatomy better 
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with less aggressive dentin cutting and minimal canal 
transportation as compared to the ProTaper Gold file 
system. Hence it can be reported that 2S presents better 
shaping ability as compared to ProTaper gold.
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